Abstract: The simplified spherical harmonics (SP n ) approximation is implemented into the NIRFAST package. Preliminary studies are presented on a small 10mm×10mm geometry and qualitative results are shown for SP 1 , SP 3 and SP 5 . Further work is underway to quantitatively test the accuracy of the SP N models using Monte Carlo data as a benchmark.
Introduction
Optical Tomography is a non-invasive medical imaging technique in which near-infrared (NIR) light is used to obtain information about the optical properties of biological tissues. An experimental setup would involve light being guided to the surface of a subject using fibre optics. A series of detector fibres are then used to collect the transilluminated light [1] . In order to create a meaningful image from the detected light, an accurate model of light propagation in tissue is required.
It has been well established that an accurate model of photon transport can be provided by the radiative transfer equation (RTE). Due to the computational expense of solving the RTE, however, the diffusion approximation is commonly used. The diffusion approximation is based on the assumption that the distribution of light within the subject is diffuse and therefore the scattering in the region of interest is dominant over absorption. The approximation also requires that the light sources and detectors of the imaging system are separated by more than a few scattering distances in order to avoid a forwardly biased light distribution.
The diffusion approximation proves to be adequate when applied to large, highly scattering media such as in female breast imaging [2, 3] . One of the other major applications of optical tomography, however, is in the imaging of small animals in order to develop models for disease such as cerebral ischemia or cancer [4] . Due to the small geometries encountered in small animal imaging, the seperation between the light sources and detectors is small, resulting in a forwardly biased distribution of light. This means that the diffusion approximation is insufficient and a more suitable model is required.
Simplified Spherical Harmonics
The simplified spherical harmonics (SP N ) equations provide an approximation to the RTE that can overcome some of the limitations of the diffusion approximation. They also have the advantage of being considerably less computationally demanding than other high order approximations such as the discrete ordinates method or the standard spherical harmonics method. A full 3 dimensional problem can be solved up to the order N=7 with a set up just four coupled equations. As derived by Klose et al [5] , the four coupled equations constituting the SP 7 approximation are: 
Method
The simplified spherical harmonics approximations (SP 1 , SP 3 , SP 5 ) were implemented into an existing finite-element based diffusion solver (NIRFAST). Preliminary studies are shown on a square model of 10mm × 10mm with a node spacing of 0.08mm, Figure 1 
Results
Solutions for the SP 1 SP 3 and SP 5 approximations are shown in Figure 2 , together with the percentage difference calculated between each spherical expansion. As seen the results appear to correlate, with the main source of difference occurring in the regions near the source. The percentage difference between SP 1 and SP 3 is approximately 34% with the largest difference seen near the source. At higher order, the percentage difference at the source (between SP 3 and SP 5 ) is 24%. Additionally, differences at the external boundaries are also observed, indicating that the measured boundary data are also affected by the size of the domain.
Discussion
The SP N equations have been implimented within NIRFAST, for N=1,3 and 5 and preliminary results have been presented. A model for SP 7 is currently being developed. Further work is necessary in order to verify the accuracy BSuE42.pdf of the SP N approximations. Comparitive studies will be made using Monte Carlo data as a benchmark and the accuracy of the models will be quantified. Work is also being done to improve the computational efficiency of the models. 
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